Abstract
en el consumo. Los datos empíricos de diferentes fuentes publicadas se utilizan para calibrar el modelo.
INTRODUCTION
This paper analyzes, within a Ramsey-Koopmans framework, the cost, in economic terms, of marrying an individual with a different degree of impatience (pure rate of time preference) and/or a different degree of aversion to variability in consumption over time. This will be done considering consumption utility only, fully aware that there are many good reasons, unrelated to consumption trajectories, that give rise to the expression that "unlike poles attract each other".
Specifically, we will measure how much richer spouse-2 has to be in order to compensate for the cost, in terms of consumption utility, he/she imposes on spouse-1, due to his/her differences in the pure rate of time preference and/or the degree of relative aversion to variability in consumption over time.
We will assume a utility function at the individual level exhibiting a constant elasticity of marginal utility of consumption, which in an uncertainty context would typically imply a constant relative risk aversion coefficient 1 .
THE SINGLE INDIVIDUAL
Assume a single individual who is analyzing the decision of whether or not to get married. His/her default consumption trajectory is assumed to be the result of the maximization problem:
1 See Hall (1988) who argues for the elimination of the "automatic connection between intertemporal substitution and risk aversion". For a different view on this subject, see Gourinchas and Parker (2002) . They use the same parameter to describe consumption patterns over the life cycle: young consumers would save for risk-aversion reasons while older consumers would do so to accumulate assets for retirement.
Subject to: x'(t) = r x(t) + w -c(t); x(0) = 0 ; x(T) = 0, where c(t) and x(t) represent consumption and net assets at time t, respectively; T is his/her expected lifetime, assumed to be equal to the actual number of years left at time zero; q is the elasticity of marginal utility of consumption; r is his/her pure rate of time preference; r and w are exogenous constants and represent the annual interest rate and the annual wages, respectively.
We have assumed X(0) = 0 and constant wages, in spite of the fact that assets may be positive at time zero and that wages follow a lifetime pattern which is typically not constant 2 . This is done with no loss of generality. w just represents the "equivalent lifetime wage" which gives the same present value at the time of marriage as the one obtained by integrating the present value of the actual wage trajectory and adding the assets at time zero. Thus, w e
where w(t) is the actual wage trajectory and x(0) the actual value of assets at time zero.
In this Ramsey-Koopmans type model, consumption will grow, as has been shown extensively in the literature 3 , at an annual rate equal to r − ρ θ , so that:
where
C 1 is the constant which equates the present value of consumption, growing at the optimal rate of growth, to the present value of earnings, both discounted at the interest rate r.
It is possible to show, after some algebra, that:
This is the value, in utils, that the single individual places on his/her consumption trajectory.
The Married Individual
The question now is how rich, in terms of equivalent annual wages, should the spouse be in order to maintain the utility value of market goods.
To answer this question, we will assume, only for simplicity, that there are no economies of scale in household production, in spite of well documented evidence on the contrary 4 . In fact, economies of scale are possibly the main economic reason why people get married. What this paper will show is that economies of scale are at least partially compensated when couples differ in their utility functions.
Under the assumption of no economies of scale, if two people with identical tastes, income and wealth get married, consumption costs would simply double and individual consumption-utility levels would not change after marriage.
In what follows, we will assume that spouse-1 has equivalent annual earnings equal to w, as before, and that spouse-2 has equivalent annual earnings equal to bw. They differ also in their tastes, both in the time preference parameter, r, and in the aversion to variability in consumption, as expressed in the parameter q 5 .
Additionally, we will assume that they have agreed to follow the same consumption path, each consuming half the total in each moment. It is difficult to have one spouse consume more, and then less, than the other at different points in time. They have also agreed, as a result of negotiation, to maximize the sum of their utilities to determine their joint consumption path. For simplicity, we have assumed no children in the model. Thus, they will maximize:
represents each spouse's consumption path and x(t) represents the couple's net assets at time t. T is their lifetime together, assumed to be exactly equal to the couple's life expectancy at the time of marriage 6 ; q 1 and q 2 represent their elasticities of marginal utility of consumption (assuming isoelastic utility functions); r 1 and r 2 represent their pure rates of time preference; r and w are exogenous constants and represent the annual 4 See, for example, Browning, Chiappori and Lewbel (2013) . 5 For a review on gender differences in preferences, see Croson and Gneezy (2009). 6 T is the time horizon for the couple as such. This means that the time between the deaths of the first and second spouse is considered outside of the model presented here. Alternatively, consumption during that time for the surviving spouse is assumed to be financed with earnings not brought into the marriage.
interest rate and spouse-1's annual wages. Notice that the couple's annual earnings now equal (1+ b) w.
After solving the corresponding Hamiltonian, the optimal consumption trajectory is found to satisfy:
where A is a constant satisfying the condition that x(0) = x(T) = 0. Differentiation of Equation (6) implies that the growth rate of c(t) is equal to:
The rate of growth in consumption is not constant in the married-couple case, as it was in the single-individual case. This is because the sum of isoelastic utility functions is not isoelastic. It is, nevertheless, a weighted average of r − ρ 1 ( ) θ 1 and r − ρ 2 ( ) θ 2 with weights adding to one but varying through time.
Weights are not independent of the scale in which consumption is measured (dollars or thousands of dollars, for example). We have scaled c(t) in such a way that the average annual rate of growth in consumption equals the simple average of r − ρ 1 ( ) θ 1 and r − ρ 2 ( ) θ 2 during the full period from t = 0 to t = T.
THE DATA
This section presents the different parameters and variables involved in the model. To determine a value for the interest rate, in real terms, the Long Term Real Rate Average was used, as published by the U. S. Department of the Treasury (2017). The Long-Term Real Rate Average is the unweighted average of bid real yields on all outstanding TIPS with remaining maturities of more than 10 years and is intended as a proxy for long-term real rates. The unweighted daily average of 1.58% for the last 15 years ending on June 30, 2017 was used.
To estimate T, the assumption is that the single individual is considering marriage for the first time. According to the United States Census Bureau (2016), the median age at first marriage is, as of 2016, 29.5 in the case of men, and 27.4 in the case of women. Using the actuarial life tables for men and women presented by the United States Social Security Administration (2014) for the Social Security area population, a "couple's life expectancy", when he is 30 and she is 27 (rounded to nearest full year), is 43.45 years. This is the expected time until the first of them dies. T will be set at 43.45 years, assuming they marry until death do them part. To this number, we must add the equivalent annual wage corresponding to net assets at t = 0. To estimate net assets at t = 0, we used the data from the Survey of Consumer Finances, of the United States Federal Reserve Board (2013) . Family median net worth -the difference between families' gross assets and their liabilities-for the year 2013, was estimated at US$ 10,400, when the head of household was under 35 years of age. We simply divided this value by two to get each spouse-to-be's net worth at the time of marriage. The corresponding annual wage, using r = 1.58% and T = 43.45, consistent with the numbers above, is 165 dollars.
We will set w at US$ 37,205, adding the two components described. For the parameter q, or elasticity of marginal utility of consumption, descriptive and normative approaches have been tried in the literature with correspondingly different results 7 . The European Commission (2008) estimates values, for selected European countries, ranging from 1.12 (Poland) to 1.79 (Italy). The Stern Review (2007) sets this parameter at 1. Cowell and Gardiner (1999) consider the range 0.5 to 4 to be reasonable, while Pearce (2003) proposes values within the 0.5 to 1.2 range. Finally, Zhuang, et al. (2007) , in a survey of the theory and practice in the choice of social discount rates for cost-benefit analysis, cite different studies, with a range of empiricial estimates of the elasticity of marginal utility of consumption going from 0.2 to 4. We will use a range from 0.2 to 4, to include all the above estimates.
For a range of the parameter r, or pure rate of time preference, the estimates by the European Commission 8 for selected European countries, go from 0.9% (France) to 1.4% (Hungary). Florio and Sirtori (2013) , in a study of 20 European Union countries, estimate the pure rate of time preference in the range from 0.63 (Ireland) to 1.29 (Hungary). The Stern Review 9 sets this parameter at 0.1%. Finally, Zhuang, et al. 10 , cite different studies, with a range of empiricial estimates of the utility discount rate going from 0.1% to 2.2% 11 . We will use a range from 0.1% to 2.2%, to include all the above estimates.
It should be noted that the above estimates for q and r are country averages, not values at the individual level. This is why we decided to use the widest possible range, within the limits found in the revised literature. Table 1 shows a summary of the assumed stylized facts of the model.
7
For a review on this issue, see Beckerman and Hepburn (2007). 8 Ibid.
9
Ibid. 10 Ibid. 11 We exclude from their list the rate of 3% per year given by Nordhaus (1993) , which is the result of a calibration exercise, rather than an estimation. With these parameters, the single-individual optimal annual growth rate in consumption ranges from -3.1% (high r, low q) to 7.4% (low r, low q). The extremes both have a low aversion to variability in consumption, q, since the optimal rate of growth depends positively (negatively) on q depending on whether r is greater or less than r, respectively.
MODEL CALIBRATION AND RESULTS
The purpose of this paper is to measure how much richer spouse-2 has to be in order to compensate for the cost, in terms of consumption utility, he/she imposes on spouse-1, due to his/her differences in the pure rate of time preference and/or the degree of relative aversion to variability in consumption over time.
If both spouses have the same pure rate of time preference and degree of aversion to variability in consumption, then spouse-2 will have to have the same income as spouse-1 for spouse-1 to have the same consumption utility as when being single. In this case, b = 1.
In what follows, we will determine b for a highly patient/impatient individual who considers marrying a highly impatient/patient individual. We will assume that both spouses-to-be have a low aversion to variability in consumption, in order to work with the biggest possible difference in the rates of growth each considers optimal.
As mentioned before, consumption was scaled so that the average annual rate of growth in consumption equals the simple average of r − ρ 1 ( ) θ 1 and r − ρ 2 ( ) θ 2 during the full period from t = 0 to t = T. The average rate of growth in consumption between spouses at the opposite ends is 2.15% (-3.1%% and 7.4% as mentioned above). Equation (7) was solved numerically using the Runge-Kutta method, fixing c t at t = 0 with this scale-related restriction.
Couple's earnings (w + bw) was then calculated so that the present value of earnings equals the present value of consumption, at the interest rate of 1.58% used. This procedure scales earnings to the same units as consumption.
We then solved for w in the individual maximization problem so that J* in equation (4) equals J 1 * in equation (5). Integration of J 1 in equation (5) was done using Simpson's Method, with dt = T/5,000.
b was then calculated for the two extreme cases: (r 1 ; q 1 ; r 2 ; q 2 ) = (0.1%; 0.2; 2.2%; 0.2) and (2.2%; 0.2; 0.1%; 0.2).
In the first case, b = 1.0462, meaning that the patient individual (who has a low aversion to variability in consumption), requires that the impatient spouse-to-be (who has also a low aversion to variability in consumption) earn at least 4.62% more than him/her to maintain the utility level he/she had as a single individual. At annual wages of US$ 37,205, this amounts to 1,717 dollars annually, or 53,983 dollars in present-value terms.
Numbers change drastically in the second case, where b = 1.1324, meaning that the impatient spouse requires that the spouse-to-be earns at least 13.24% more than him/her to maintain the utility level he/she had as a single individual. At annual wages of US$ 37,205, this amounts to US$ 4,926 dollars annually, or 154,859 dollars in present-value terms.
FINAL REMARKS
This paper has shown that it is possible to estimate the cost that an individual's impatience, or aversion to variability in consumption, imposes on a patient partner, by using a Ramsey-Koopmans type model which analyzes a marriage decision.
If they do marry, in spite of these differences, there are at least two possible explanations:
There are economies of scale in household production. Browning, Chiappori and Lewbel 12 find that two singles require about 50 percent more total expenditure than a couple to buy the same equivalent consumption levels. This represents, according to them, an upper bound. Part of these economies of scale would be taken away if spouses differ in their rates of time preference and/or their aversion to variability in consumption. If there were no economies of scale, as assumed here, then, if they do marry in spite of their differences in the degree of impatience or aversion to variability in consumption, it is because non-consumption utility is increased when doing so. At a minimum in this case, non-consumption utility associated to marriage, including love for each other, would be valued at the numbers derived above.
The framework proposed should also be useful when analyzing business partnerships where one partner is interested in short-term dividends and the other in long-term investments.
